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ABSTRACT 


The possible application of hyperbolic Loren-C as a 
positioning system for hydrographic surveys was investigated. 
It was found thet the present capabilities of the system did 
not meet the 40 meter (drms) accuracy recuired for offshore 
surveys. ‘The use of differentiel Loran-C techniaues and 
zeodetic calibration procedures was examined, A Zield test 
was conducted in tionverey Say, Californie, usinzs a microwave 
PeerolLocing svstem to test the eccuracy of the Vest Coast 


Loran-C chain, specifically the 9940-77 and Y rates. Overland 


ropesation corrections for the test area are presented, It 
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ecsoluve position accuracy of a mobile Loran-C receiver to 
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I. ADVANTAGES OF THE LORAN-C SYSTEM 


Present hydrographic survey procedures rely heavily 
upon electronic positioning systems, typically medium- 
frequency systems which require substantial shoreside instal- 
lations for the antennas and ground planes. There are 
attendant problems with logistics, land use permits and 
vandalism. In addition, situations arise where the geometric 
configuration of the medium-frequency system being used for 
a particular survey leaves some portion of tne area less 
than adequately covered. A positioning system based on 
Loran-C, or some combination of Loran-C and medium-frequency 
systems, could alleviate tnese problems. With its trans- 
mitters already in place and continuously operating, a 
Loran-C system would require none of the shoreside installa- 
tions associated with medium-frequency stations. As discussed 
later, the differential Loran-C technique does require estab- 
dishing shoreside receivers, out the installation would be 
much smaller and simpler than that of a medium-frequency 
transmitter. Used in a combined system, Loran-C could 
supplement the medium-frecuency system by providing addi- 
tional coverage. For example, the medium-frequency stations 
could be positioned to provide the best coverage in the near- 
shore areas of the survey while leaving the offshore areas 
to be covered by Loran-C.  àdditional scenarios can be 
imagined where the application of Loran-C would be advanta- 


zeous. 
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Loran-C has not nad widespread use as a hydrographic 
positioning system because of its comparatively poorer 
accuracy. The g stem was designed to provide a repeatable 
Person accuracy of 0.25 nautical miles (463 meters) while 
most hydrographic applications require almost an order of 
magnitude better accuracy in absolute position. Because 
of improvements in equipment and data processing procedures, 
the potential accuracy of the system nas been improving. 
Recent investigators nave quoted positional accuracies in 
tens rather than nundreds of meters for some applications. 
This work was largely stimulated ovy one such study (Goddard, 
1973) in which a position repeatability of 6 meters was 
E umed (one drms). It was decided to review the present 
EE Uture potential of Loran-C in order to estimate its 
usefulness as a positioning system for nydrographic surveys, 

As discussed in this report, it appears that absolute 
positional accuracies in the range of 40 to 100 meters 
(drms) are presently achievable in a Loran-C system if 
sufficient geodetic calibrations are obtained and differential 
correction techniques employed. Given these accuracies and 
caveats, such a system would be of little value in routine 
hydrographic survey operations in the coastal waters of 
the United States. It should be noted, however, that the 
system accuracy is highly sensitive to any improvements in 
receiver performance and the model used to account for the 
effects of overland propagation. Both of these aspects 


of the Loran-C system are being studied extensively and it 





is likely that significant improvements will be forthcoming. 
The increase in research and development work has been stimu- 
lated by tne Department of Transportation decision in 1974 

to implement Loran-C as the radionavigation system for the 
Coastal Conference Zone of the United States. With this 
long-term commitment to the availability of Loran-C, new 
techniques and improved equipment designs are being pursued 
by both government and industry. The result will surely be 
an improved Loran-C system with wider applicability for use 


as a positioning system in hydrographic survey operations. 


10 





The following discussion assumes considerable familiarity 
with the basic Loran-C system. General descriptions are widely 
available in government publications and texts on navigation. 
A comprehensive review may be found in the American Practi- 
cal Navigator (DMA, 1975) ; 

In its traditional apvlication, Loran-C is a time dif- 
ference, hnyperdolic positioning system, wach observed time 
difference, or rate, provides one hyperbolic line-of-position. 
By observing the transmissions from three stations, two 
hyperbolic rates are measured and a position can be deter- 
mined by either graphical or analytical techniques, The 
graphical solution technique is commonly used in conjunction 
with nautical charts where the rates are pre-plotted and the 
user merely locates the intersection of his observed rates. 
The analytical solution offers better precision and more 
flexibility than the graphical technique. The following 
discussion develops tae basic time difference equations 
which are used to compute a geographic position from 
observed Loran rates, 

The time difference observed at a receiver is the 
difference in arrival times for signals from the master 
and one secondary transmitter in the chain. Because all 
transmitters share the same frequencies, their signals 


must be separated in time to prevent interference. Each 





station repetitively transmits a burst of pulses followed 
by a relatively longer silent period. The chain is syn- 
chronized so that the master transmits first followed by 
Of the secondaries in turn. The transmission of each 
secondary is delayed by a specified amount (the emission 
delay) so that nowhere in the coverage area will signals 
Brom One station overlap another. 

Meterrine to Figure 1 with a receiver located at point R, 
the observed time difference using the master M and secor- 
meee yis, 


ora ορ. ca L, (1) 
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and the master to 2 respectively. 
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m order to express the time difference as a function 
Bemecograpric position, the travel time t is separated into 
additive tems, 


t = Da r (2) 


ol: 


Mere c = free space propagation velocity, n = index of 
Mebracilon for a standard atmospnere, D = geodesic distance 
from the transmitter to receiver, and F is the so called 
Phase Factor which corrects for the retarding effects of 
the earth's surface along the path. Substituting this form 


into the time difference equation gives a pair of equations, 


TDW = ED., + E (D,, - D.) +7,» Fu 
` 
Me (Des D.) + F. - F 
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v? 


Figure l. Components of Time Difference Measurement 


Loran transmitters located at “Y, Y and Y end Receiver 


πο neler to text for explanation. 
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which relate the Loren time differences TD and TDY to the 
distances from each of the three transmitters. Several 
computational techniques have been used in order to solve 
these equations for the geographic position of the receiver 
(for example, Campbell, 1965]. Most are iterative in that 
time differences are computed using an estimated position 
of the receiver and then compared to the observed values. 
Em ilis information, a new position is chosen and time 
differences recomputed. The process reveats until the 
computed and observed “Ds agree to within some specified 
tolerence. Systematic errors result from inaccurate pre- 


n On of the Phase Factors as discussed later. 
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111. DIFFERENTIAL LORAN-C 


The differential Loran-C technique is a method of improving 
the temporal stability and repeatability of the system, 
Fixed-monitor receivers are located in the geographic area 
Of interest and average time differences determined, Changing 
pas2satlon conditions and transmitter instabilities are 
detected as deviations from these average time difference 
values, These deviations are then used as differential 
corrections for other receivers in the nearby area, 

It has been also suggested that this techniaue can be 
Oo Gevermine geographic corrections for an area, In 
ου σον, il Une seographic position of tae monitor receiver 
were knowm, then the differences between the computed and 
K ed rates at the monitor would constitute correction 
applicable to other neardoy receivers, Applying these correc- 
tions should allow an accurate computation of the geograpnic 
τοι of the receiver. in the context of the subsequent 
EN SNSSIODn in this paper, this is equivalent to determining 
pussvstenatie errors or overland propagation corrections 
Berne Loran net at a single point in the area of interest, 
Because the overland corrections onenge significantly in 
passing across the land-sea interface, a shore-based monitor 
would be of little value in determining the systematic 


errors offshore where the survey vessel is operating. The 


ο τσ σα tos la aydrograpnic positioning system is that 


pa 
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the geographic position of the shore-based monitor need not 
be determined nor be a criteria in the selection of monitor 
sites. 

The differential technique is necessary, however, in 
eee vo eliminate Significant temporal fluctuations in the 
Loran rates. Several tests have shown that these temporal 
instabilities are well correlated over distances on the 
order of 100 kilometers even across the land-sea interface, 
One such test (Goddard, 1973] used a stationary receiver 
which was shifted among five different sites along the 
shore of Delaware Bay and one site at an offshore lighthouse 
over a six week period. Two fixed monitors were used in 
order to test tre differential technique over a variety of 
Eon Gmemerces from about 30 to 130 kilometers. Wen 
differential corrections were made at lOO-second intervals 
using 100-second average values at the monitor and receiver, 
puesenporal instability of the receiver was significantly 
reduced.  Expressing the instability as the standard devia- 
tion of the observed values, the improvement was from a 
Eum Of 0.07 microseconds uncorrected down to something 
Meee tien O.0O2 microseconds after correction. A similar 
improvement was observed on each of the separation distances 
tested. 

This correlation is essential if a shore~bvased monitor 
MERO provide useful corrections for a survey vessel operating 
offshore.  Veronda (1977, P: 33] has suggested that this 


correlation distance may be as great as 240 kilometers if 
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the monitor is located along the signal path to the working 
EMO hus in ehoosing the monitor site or sites, due con- 
sideration must be given to differences in the vaths from 
transmitter-to-monitor and transmitter-to-survey area. 

for example, situations where the path to the monitor is 
entirely over land while the one to the survey area is 
largely seawater should be avoided. By locating the moni- 
tors on peninsulas, headlands, or offshore islands, this 
situation should rarely develop. 

[emis interesting to note that the System ¿rea Monitor 
(SAM) stations associated with each Loran chain apply 
differential-type corrections to the Loran rates in real- 
baie. itnese SAM stations continuously monitor the signals 
Bagel! transmitters in the chain. If the observed time 
difference deviates ov more than 0.05 microseconds from its 
expected value, then the appropriate secondary is instructed 
to adjust its emission delay time in order to remove the 
error [JGA, 1976] , These real~time corrections are intended 
EpSNControl timing errors between stations, but they also 
prem uD eny Changes in the propagation conditions whicn 
EX Curso paths from the transmitter to ine SAL site. 

In comments on the remarkable stability of the Loran rates 

πη San Francisco Harbor, illgen (2978 noted tnat tre opera- 
BORO? tie SAM at Point Pinos, which is some 180 kilometers 

to the south, produced a situation closely resembling differen- 


Dil Loren-C. 
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IV. ACCURACY CONSIDERATIONS 


The sources of error in a Loran position can oe dis- 
cussed in terms of those effecting the repeatability of 
the system vis-a-vis those producing systematic or time 
invariant position errors. This separation corresvonds 
poe wey in which the corrections are applied. The 
temporal variations monitored cy the differential technique 
are used to correct the observed rates; i.e., improve the 
repeatability of the observations. The systematic errors 
are determined by calibration and applied to correct the 
eomouced position, 

The factors effecting reveatability are receiver errors, 
transmitser timing errors, end temporal changes ín propaga- 
tion conditions which result from weather related phenomena. 
Systematic errors, as defined here, result from geographic 
we erences in propagation conditions, such as the conductivity 


and length of the overland portion of the signal vath. 


2. GROMETRIC DILUTION OF PRECISION (GDOP) 


Mae aypervolic geometry implicit in the time difference 
equations effects the precision of the computed geographic 
position. The effect is expressed as a gradient in meters 
per microsecond which is termed the Geometric Dilution of 


Precision. Its functional form is derived in any of several 


¡a 
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references [Atlantic ec cs Corp... 1962, p. 130]. The 

GDOP factor expresses the comoined effect of lane expansion 
and decreasing intersection angles between the hyperbolic 
ares as the distance from the baselines of the Loran chain 

is increased. For the purpose of this discussion it suffices 
to note that over the coastal waters of the United States, 
the GDOP varies from about 200 to 2000 meters/microsecond. 
mp licetion is that an accuracy of 0.1 microsecond in 
each rate gives a position accuracy oetween 20 end 200 meters, 
Thus the geometry of the Loran chain is significant in deter- 
mining waether or not the system can provide survey quality 
position date. The Defense Mapping Agency has prepared 


ERN s for each Loran-C chair which depict the effective 


H 


coverage area depending upon the variation in GDOP as well 


= 


as maximum signal ranse and expected signal-to-noise condi- 


UN 


tions. These are published as Loran-C Relianpility Diagrams 


nu Deo 21025000 chart series. 


Bm RECSIVZRA ERRORS 


Peeeiver errors are a function of the signal strencta, 
sisnal-to-noise ratio, amount of skywave and cross-chain 
interference, velocity and/or acceleration of the receiver, 
end receiver design. Interference problems ere minimal 
because of vhase coding applied to the transmitted pulses 


ΤῈ 
— 
A 


and timing relationships between adjacent chains E Όλο 


NO, l, 1976]. The speed of typical hydrographic survey 
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vessels is less than 20 knots and its effect can be eliminated 
by appropriate sampling and filtering techniques. 

Under favorable signal-io-noise conditions, several 
commercial receivers have exhibited time difference errors 
with a standard deviation of less than 0.1 microsecond ca, 
1977]. This is obtained with averagins times on the order 
of a few seconds, corresponding to an average of 10 to 100 
measurements depending on the repetition rate of the chain. 
Because of Loran geometry, significantly better verformance 
is needed in order to obtain typical survey accuracies over 
u Oí the U. S. coastal waters. A performance goal of 
Smeoemicrosecond is not unreasonaole, Improved receivers 
can oe expected in the next few years.  Lonzer effective 
averaging times can beé achieved oy designing processing 
scremes which incorporate ship course and speed data. 
Improved performance in stationary receivers has already 
been demonstrated; for exemple, Goddard (1973 used 100=second 
averases and acnieved standard errors on the order of 0.01 
microsecond. 

sisral-to-noise conditions also effect performance. 
Pavoraole conditions ere -10d3 or better. In designing 
tre Loran transmitters, power outputs are chosen to provide 
Suitable signal strengtns in the coverage area. At about 
—-4.8d3, most receivers begin to exhibit increasing errors 
until some minimum value is reached and the receiver ceases 


to track the sisnals. For more information on receiver 


) 


performance under varying conditions, Veronda [1977] nas a 


20 





comprehensive list of available literature. The implication 
for hvdrographic work is that signal strength and signal-to- 
noise information must be collected in order to insure data 
quality. Several commercial receivers already provide these 


SEC OUTS, 


P O SITTER TIMING ERRORS 


w aoilt in chain timing and synchronization is the 
meee signiticant source of error, Cesium frequency standards 
at each station provide a highly accurate timing reference. 
Ao ted in the discussion of differential Loran, the System 
Er Non)itors control chain timing to within 0.05 micro- 
second. Field measurements have shown that the actual error 
is considerably less than this control tolerance. Data 
collected from tne West Coast Loren chain gave a standard 
deviation of 0.02 microseconds due to transmitter fluciua- 
pns Tllgen, 1978]. In any case, the differential Loran 
peennycgue readily corrects for any significant transmitter 


ο. οσα, 





Y. DORAN-C GROUND WAVE PROPAGATION 


Loran-C is a low frequency radionavigation system which 
Operates in the spectral band of 90 to 110 kHz with a 100 kHz 
Sarrier frequency, Propagation in this band has been studied 
extensively over the past thirty years in conjunction with 
a Variety of navigation and communication systems, Tris 
discussion considers only propagation effects on the phase 
or travel time of the 100 kHz ground wave as seen by a sea- 
level receiver located in the far field of the transmitter. 
considerations of signal strengtn, skywave provasation, 
receiver altitude, and inductive field effects near the 
σπορ relatively unimportant for this application 
of Loren-C oositioninz. inv of the general references on 
Loren-C contain additional information on propagation 
indie those aspects not specifically covered nere, 

Propagating as a ground wave, the Lorsn-C signal is 
sensitive to the geophysical properties of the earth/atmos- 
phere medium through which it is traveling. Table I sun- 
marizes the important properties and descrives their effect 
on the travel time of the signal relative to an assumed 
Seawater vath which is typically used in Loran computations, 
Those properties related to the earth's surface result in 
exrors Of up to two or three microseconds relative to the 


computed values [Sensus, Πο. εππ' Ῥεροη, 1979]. Atmospheric 


effects result in time dependent variations of up to 0,5 
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',.  εοὐπὰ per day with shorter period fluctuations of 

O.1 microsecond per hour (Doherty and Johler, 1976] Annual 
Variations due to seasonal changes in both the atmosphere 
and underlying surface can be as large as 0.7 microsecond 
(Veronda, 1977, using information from several sources). 

By careful use of the differential Loran techniaue, these 
temporal variations can be reduced to something less then 


07072 microsecond. 


Using the classical Van der Pol-Bremmer ground wave 
theory, it is possible to develov a computer program to 
Calculate the actual travel time of a signal over complex 
land-sea paths with widely varying seophysical vroverties 
(Johler, 1969]. The method seems to be too cumbersome 
Aron tine use in the hydrographic surver application. 
M ead, it is realistic to approximate the travel time t 


&S, 
t= =D+Y+€ (3) 


Uere the terms are the same as given in equation (2) except 
iso Foe phase factor F has been split into two terms, In 
eos form, the term = Ds called the Primary Travel Time 
Em 21.000533 for the standard atmosphere and c=299.7942 


meters/microsecond. The secondary Phase Factor Y describes 
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the delay of a signal propagating over a smooth seawater 

path relative to the primary travel time. National Bureau 

s dqards Circular 573 [Sohler, 1956] describes the com- 
Puratıion of Y for verying distances. The Additional 
secondary Factor € represents the additional delay accumu- 
lated on non-seswater portions of the path; i.e., it describes 
the lag of the actual signal relative to an eauivalent dis- 
tance over seawater. The general time difference equation 


becomes, 


ID + (€g -6,) = 3D + -$ Og - 32) «V5 - Wy (4) 
The advantage of this form is that the so called overland 
eon E- Ea , is reduced to a relatively small term 
in the TD equation. Typical values are on the order of 
several microsecords or less while the total time difference 
Bu σα order of 104 microseconds,  Fizure 2 shows the 
p serical form of the Additional Secondary Factor for three 
Aypothetical paths with differing lenzths of» land vata Ic, 
1963]. The land path lengths shown were chosen because they 
approximate the situation in Monterey Eay, California, where 
tae field experiment described later in this report was con- 
ducted. The abrupt drop in the E values upon crossing the 
coastline is the phase recovery effect which occurs at any 


ee ductivity discontinuity in the underlying surface, 


y 
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Figure 2. Variations of Additional Secondary Factor with 
Distance on Tyvical Land-Sea Paths 


The curves assume a uniform conductivity of 
μη πιο, and = permitivery of 15. The sea 
path values are 4 mho/m and 80, respectively. 
The phase recovery effect at tne coastline is 
symbolized by the dashed portions of the curves. 
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B. OVERLAND PROPAGATION CORRECTION 


In order to use the time difference equations to compute 
a position, it only remains to empirically measure the over- 
land corrections for each rate. Terms on the right-hand-side 
of equation (4) are either constants or computed quantities 
depending on path distance, By subtracting observed and 
computed TDs at a known position, the overland corrections 
ο S empirically determined for that position. The problem 
wa i oration is to extrapolate these corrections to the 
surrounding area. 

To complicate the problem, the spatial pattern of the 
Overland correction is one of hills send valleys revresentins 
the suotraction of two indevendently varying € fields. 
Several calibration procedures have oeen develoved which 
use observed TD values, but none have produced survey aualit; 
m ections, The most promising meinod (Doherty, 1972] com- 
bines measurements and some onysical constraints of ground 
wave propagation theory. Using 75 land based measurements 
ia en area of 100 kilometers squere, it achieved a R.“.S. 

E ulon error of about S0 meters which is significently 
Worse than that needed for hydrography. Although the method 
requires a considerable degree of computational finesse, 
suec» methods deserve further study with offshore data sets 
Bee test their applicaodility to routine survey opera- 
tions. It appears that for toe time being at least, there 


is no method of reliably predicting overland corrections 


2 





from relatively few calibration measurements. The hydro- 
grapner is faced with the task of mapping the corrections 
over much of the area and then interpreting the pattern 
Border tO extrapolate the corrections to the remainder 
Bene survey area. The procedure is not unlike that 
presently employed with medium frequency positioning sys- 
tems, ‘while the hydrographic community has considerable 
experience with medium frequency systems, there hes been 
ο work with long baseline Loran chains in order to 
HESUMNent tae spatial variability of the corrections in 
offshore areas, 

in one study off the west coast of Vancouver Island, 
[eton 1979] observed a variation of 0.1 microsecond/kilometer 
at about 25 kilometers offshore as the shiv passed into the 
snedow of the island. This probably represents a worst-case 
situation. As discussed later in this report, measurements 
in iionterey Ray suggested variations of less than 0.02 
microsecond/kilometer, once free of the phase recovery 
n C.S near the coast. Additional work with fine grid 
eran prediction models and field measurements is needed i» 
order to explore the spatial variability of the overland 
eo rections in offshore areas, 

Taole II summarizes the preceeding discussions on 
sources of time difference errors and tne effectiveness of 
ο. πατιουις techniques to correct for inem; The reader is 
ceutioned that these are estimated errors derived from many 
different sources. There have been few field tests in off- 
shore areas with sufficient accuracy to validate some of tnese 


errors. 23 
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Dre) TEST 


order to test the use of differential Loran-C and 
potential calibration procedures in à tvoical survey opera- 
zıon, 2a series of tracklines were run in the southern por- 
tion of Monterey Bay, California, As shown in Figure 3, 
the lines extended from 20 xilometers offshore to within 
a few nundred meters of the beach in places. Position 
data was recorded simultaneously from two systems; an on- 
board Loran-C receiver and a renge/rense microwave system 
which was set-up over geodetic control points, The track- 
lines were run on two sevarate days, 12 June and 25 July 1979, 
during davlight hours. ‘The vessel used was the R/V ACANTA 
momen iS Operated bv the Naval Postgraduate School. The 
eer OnIms equipment consisted of a iicrolosic ML=-LOOO 
Meret — receiver, wnicn nas a O.0Ol microsecond resolution, 
EU Motorola "ni Ranger III Microwave System; both of 
which were orovided by the school. 

Position data from both systems were manually loczed 
εν two minute intervals while the snip maintained constant 
course end speed. Traveling at speeds of nine to ten knots, 
this resulted in vositions at roushly 0.5 kilometer intervals 
ars each trackline. 
Loran coverage in tris area consists of the 9940-., X 


.', ates OL tre Jest Coast caain, vizure 4. Onlr tae 
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Wand Y rates were recorded even though the X end T pair 
provided better precision in this area. The Yerate was 
selected because of the close proximity of the System Area 
πο Point Pinos wnich controls both the X and Y 
secondaries (see Figure 3). This control removes virtually 
all temporal variation in the X and Y rates over lMonterev 

Bay meking it impossible to test the differential technique, 
IN S hoped that vhe “J rate, which is controlled ov a 
MORO: on tie Oregon coast, would show sone sisrificant 
Variations. Records of the time differences of all three 
Ames icom the Point Pinos monitor were examined. "one 
showed any variations over 0.04 microsecond during the tests, 
a olcal fluctuations of less than 0.01 microsecond, 

mais high degree of temporal stability resulted in negligible 
G@perterential corrections. In order to test the potential for 
caliorating the Loran-C system over a limited area, the vosi- 
tions derived from the microwave system measurements were 
used to compute expected time differences at each point. 

The difference between these computed values and the observed 
time differences constituted a set of estimates of tne over- 


ad corrections. 


ΤΟΠΟ SYSTEM POSITIONING 


The microwave system was used to fix the geosraphic vosi- 
tion of the ship by standard ranze/range computational tech- 


miaues. The tvo ranging stations were set on known geographic 





pons listed in Table III. Ship positions were computed 
on a Modified Transverse Mercator Grid which was centered 

in the survev area [vallace ; 1971]. in tnis wav the errors 
in computed latitude and longitude due to grid distortions 
were minimized, Obviously bad positions which resulted 

from infreauent ranging errors in the microwave system were 
rejected. The microwave system had been calibrated over 
known baselines of 4683 and 17621 meters. “ith a ranging 

r rao of £ 3 meters as claimed oy the manufacturer, the 
SM pDoOsitions nave a R.:.S. position error of less than 10 
meters over the area, which was adequate to test the accuracy 


of the Loran derived positions, 


ο, LORA: -C POSITION COMPUTATIONS 


Time differences for each of the positions were computed 
assuming seawater path propagation using a fortran routine 
adapted from one supplied by the National Ocean Survey 
[Riorden, 1979]. The computed and observed time differences 
were compared end five positions vere rejected because of 
obvious tusts in the recorded Loran values, This left 130 
positions for the subsequent analysis. Tne Loran system vara- 
meters used in the comvutations are listed in Table III. In 
order to be consistent with the ational Ocean Survey charts 
of the erea and the microwave svstem positions, all computa- 


Pens vere done relative to ‘orth American Datum 1927 geogra- 


uq 


[pec positions, 
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Microwave System 
ations 


Mulligan (1932) 
Mussel 2.4. 2 


(1932) 


rionterey Bav 
ESO (1972) 


Loran-C 9940 Chain 


Laster 
γος, ΤΥ 


oecondary ‘I 
Georze, YA 


secondary Y 
Bearchlicht, AV 


TABLE III - Geographic Positions and Constants Used 


πο ος ισα Computations 


Geographic Position 
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ν᾿. YSIS OF THE LORAW DATA 


Receiver error and velocity effects were apparent in 
the data, Ship motion and the five second averaging time 
of the receiver resulted in observed TDs which were several 
seconds old in comparison to the microwave system measure- 
ments; i.e., the Loran readings represented the position of 
the shiv several seconds before the microwave system fix 
ν. ermined, in order to partially compensate for tris 
effect, the observed TDs were advanced a distance equivalent 
tO that traveled br the srip in 2.5 seconds. Depending upon 
the course and speed of the ship, tne correction ranged 
oetween = 0.07 microsecond for the J rete end = 0.03 micro- 
second for 7. In future work, a computer based data logeins 
K could perform this correction in real-time and obtain 
Peer results. 

ο Cer uvo Stud? tne spatial variation of trie overland 
correction, the differences between computed and observed 
TDs were calculated at each point, Defining these differences 
Meme sand Ey for the TDY and TDW rates, respectively, it is 
apparent that, 

Ina Em” Ey + receiver error 
end similarly for EV, Thus these E values at each poirt con- 
νι. ἵπε information on the overland correction, cut it is 


ο 


masked br receiver errors. For reference, a listing of 


seographic position, the observed TDs and respective Z values 


has been appended to this report, 


ON 
ON 





Tests with the ship stopped gave a random receiver 
error of 0.05 and 0.07 microseconds (one standard deviation) 
on the Y amd W rates, respectively, which was reasonable 
given the manufacturer's claim of 0.1 microsecond, In 
order to reduce the effect of receiver error, the computed 
values were spatially averaged over a circular area of 
meter radius around each position. Assuming that 
receiver errors were randomly distributed, tre increased 
number of estimates tended to oring out the spatial pattern 
of the overland corrections. The choice of a 1500 meter 
averaging radius was somewhat arbitrary. Given the 500 to 
ΙΓ Lep spacinmg of positions, this choice orougnt any- 
waere from 3 to 10 adjacent positions into the averaging 
process. It obviously suppresses variations with a scale 
55 taan 3 kilometers, Out monotonic trends in the 
ιτ were preserved. 


— 


Pee RESULTS 


Miéutes 5 end 6, wbiehn depict the overland corrections 
for the test area, were derived from the spatially averaged 
values. The contours indicated a rapid change in the cor- 
rectors in the nearshore area due to phase recovery of the 
sienals after passing over the coast. At le kilometers 
offshore the variation had dropped to something less than 


EMUCEnPerosecond/kilometer, Using the 48 data points (not 
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averaged) which were 10 kilometers or more offshore, the 


following overland corrections were determined: 


Average standard 
Loran Correction Deviation 
Rate (microseconds) (microseconds) 
NA -0.50 πο 
f -1.16 DIOS 


The computed standard deviations were typical of those 
expected from a receiver with a standard error on tne 
order of 0.1 microsecond or less. Applying these averase 
Semerections uniformly to the offshore positions gave a 
R.M.S. distance error of 66 meters in the derived Loran 
55. If similar results had been obtained with tre 
Manda Y rates, which nave better seometric precision in 
the test area, the R.M.S. distance error would have been 


zeduced to about 42 meters. 


AQ 





γι CONCEUSIONS 


The National Ocean Survey has required that any electronic 
positioning system exhibit a 2.M.S. distance error of less ° 
than 0.5 millimeter at the scale of the survey, The 
smallest scale routinely used for coastal survevs is 1:80,000 
implying an allowable error of 40 meters, On this basis, 
it was concluded that a positioning system based on Loran-? 
in che hvperbolic node is unsuitable for routine hydrographic 
use; given the R.M.S. distance error of 66 meters obtained 
Ae Field test. The 42 meter accuracy (drms) ouoted in 
tre results assumed an atypical improvement in Loran geometry 
which invalidated its use as a test of the routine hydrogre- 
ος survey situation. 

It should be noted, nowever, that these errors were 
largely due to random receiver errors which were estimated 
De on the order of 0.07 microsecond, Any improvement in 
receiver design or data samoling vrocedures which would 
Peso this random error down to something less than 0.05 
microsecond could make a Loran-C positioning system for 


- 


nydrography feasible. 

The second largest source of error wes found to be t^e 
unresolved spatial variations in the overland propagation 
correction. Further work is needed to determine wnether or 


not these errors could te reduced to something less than 





0,05 microsecond in offshore areas awey from the coastline 
Iced perturbations. The approach adopted in this study 
was to determine the overland corrections empirically from 
measurements. Other approacnes are possible, sucn as 
Donerty [1972] , vhich combine neasurements vith physical 
ο ϱοἱπτς οἳ the ground wave propagation theory. Tests 
of such methods with offsnore data bases would be extremely 
eus chteninrz. 

Temporal instability of the Loran rates was found to be 
EE USScnificaent source of error. ‘he investigations cited 
NES report nave indicated that these errors can be 
reduced to something less than 0.02 microsecond by proper 
m Lion of differential Loren techniques, 

"mile it has been shom taat the present capatilities 
of a Loran-C positioning system fall short of those needed 
for hydrographic surveys, that goal seems tantalizingly 


close, 
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